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INTRODUCTION
Recently, production of quinoa and amaranth, native to the Andean region (Bolivia, Perú and Ecuador), has crossed continental boundaries being also cultivated in USA, Argentina, Europe, Africa and Canada. The consumption of these pseudocereals in high-income countries is increasing although is still low compared with the main producer countries. These grains are consumed processed and semi-processed (popped, fl aked, shredded, baked, etc.) and today they also have a key role in the gourmet cuisine. Food industry and consumers have shown a recent interest in these ancient grains mainly due to their nutritional value and their potential use as gluten--free ingredients. Quinoa and amaranth grains are notable as good sources of quality proteins with high levels of essential amino acids (EAA) [Taylor et al., 2014] . Protein from these grains contains more lysine, methionine and cysteine than most food proteins sources of plant origin [Ruales & Nair, 1992] . Quinoa and amaranth have higher proportions of soluble dietary fi ber than cereals, and the composition of their fiber resembles that of fruits, vegetables and legumes [Lamothe et al., 2015] . These grains are rich in polyunsaturated fatty acids [Peiretti et al., 2013] as well as in minerals such as iron, copper, manganese and zinc [Nascimento et al., 2014] . Quinoa and amaranth are also important source of fl avonoids, mainly glycosides of the fl avonols (kaempferol and quercetin) and phenolic acids [Tang et al., 2015 ; Repo-Carrasco-Valencia et al., 2010] .
Heat-induced puffi ng (popping) is a low cost technology that consists in the application of heat at atmospheric pressure giving rise to high internal pressure due to water vaporization causing the breaking of pericarp and expansion of grain endosperm [Song & Ecknoff, 1994] . Puffed grains are widely used as ready-to-eat products or as ingredients in snack formulations, and their demand is currently increasing because of changing life styles. Processing of pseudocereals must adopt low cost technologies to produce traditional or innovative fi nal products for populations of either developing or economically rich countries. Physical, structural and chemical modifi cations occur during the puffi ng process. Puffed grains undergo dehydration, starch gelatinization, increase of volume and textural changes [Hoke et al., 2007] . In addition, the puffi ng increases digestibility and technological functionality of starch and proteins [Gamel et al., 2006; Zapotoczny et al., 2006] and produces volatiles with pleasant fl avor [Gamel & Linssen, 2008] . Due to these positive changes puffing has been proposed to obtain amaranth fl ours to be used as ingredients in bakery products (bread and cookies) with novel textures and fl avors [de la Barca et al., 2010] . From a nutri- [Murakami Yutani et al., 2014] , and phenolic acids [Ogrodowska et al., 2012] . Nonetheless, the effect of dry heat puffi ng on nutritional quality and phenolic profi le has not yet been reported for quinoa or has not been completely studied for kiwicha (Amarathus caudatus L.), the most important Andean species of amaranth. Improving the quality of popped quinoa and kiwicha products can be achieved by understanding the changes that occur during the puffi ng process. Therefore, overall objective of this research was to study the effect of heat-induced puffing on the proximate, fatty acid and amino acid composition, protein quality and phenolic compounds of quinoa and kiwicha grains.
MATERIALS AND METHODS

Materials
Saponin-free quinoa (Chenopodium quinoa var. Pasankalla) and kiwicha (Amaranthus caudatus var. Centenario) grains were obtained from Cereals and Native Grains Program (Peru). All chemicals were purchased from either Sigma-Aldrich (Madrid, Spain) or Fisher Scientifi c (Madrid, Spain) unless otherwise stated. The standards, vanillic acid, trans-p-coumaric acid, quercetin 3-O-rutinoside, quercetin 3-O-glucoside and kaempferol 3-O-rutinoside were obtained from Extrasynthese (Genay, France).
Preparation of popped kiwicha and quinoa grains
Grains (40 g) were treated in a lab puffi ng system. Puffi ng took place in an expansion chamber were grains came into contact with hot air at 180ºC for 2 min. This treatment was considered optimal because it led to maximum expansion yield. Figure 1 shows raw and popped kiwicha and quinoa grains obtained in the present study. Three independent replicates were obtained for each grain. Popped and raw grains were ground in a coffee mill (Moulinex, Madrid, Spain), passed through a 30-mesh sieve and stored at -20ºC in plastic bags under vacuum for further analysis.
Proximate analysis
Proximate composition of raw and popped fl our was determined following AOAC methods including moisture (method 925.10), protein (method 920.87) and ash (method 923.03) [AOAC, 2005] . Fat content was determined by Soxhlet extraction using petroleum ether and a gravimetric method. The protein content of samples was calculated using 5.70 and 5.85 for quinoa and kiwicha fl ours, respectively, as the conversion factor [USDA, 2016] . Carbohydrates were calculated by difference: 100-(content of protein + content of fat + content of ash in 100 g of dry weight (dw)). All measurements were done in triplicate. 
Determination of fatty acid composition
The oil was removed from samples using a Soxhlet apparatus (petroleum ether, 8 h). The fatty acid profi le of extracted oil samples was measured by determination of fatty acids methyl esters (FAMEs) that were prepared according to the AOAC method 948.22 [AOAC, 1990] . The analysis was performed by a gas chromatography Autosystem XL system (PerkinElmer, Inc., Waltham, MA, USA) equipped with a fl ame ionization detector. The FAMEs were separated using a 30 m × 0.25 mm × 0.25 μm fi lm, fused silica capillary column Supelcowax-10 (Sigma-Aldrich, Madrid, Spain). The carrier gas (hydrogen) fl ow rate was 0.8 mL/ min. Injector and detector temperatures were 250ºC and 270ºC, respectively. The oven temperature was programmed at 160ºC, followed by increases of 1ºC/min to reach 230ºC and holding the temperature at 230ºC for 65 min. Injections (2 μL) were made in the split mode (100:1). All measurements were done in triplicate. The content of individual fatty acids was calculated using methyl ester standard curves and expressed as g/100 g of oil.
Determination of amino acid profi le and protein quality indexes Determination of protein amino acid profi le was carried out by anaerobic acid hydrolysis, derivatization and HPLC quantifi cation following the methodology described in Martinez-Villaluenga et al. [2010] . Tryptophan was determined by anaerobic alkaline hydrolysis, derivatization and HPLC according to the AOAC Offi cial Method 988.15 [AOAC, 1990] . All measurements were done in two independent replicates. The content of individual amino acids was calculated using standard curves and expressed as g/100 g of protein.
Chemical Score (CS) was calculated using the equation of Block & Mitchel [1946] , which compares the content of essential amino acids (EAA) of the test protein versus for the amount of the same amino acid of the reference (hen's egg protein). Limiting EAA corresponds to the amino acid having the lowest CS. EAA index (EAAI) estimates the quality of the test protein, using its EAA content as the criterion. EAAI was calculated according to the procedure of Oser [1959] Qualitative and quantitative analyses of phenolic compounds Raw and treated samples (5 g) were macerated in methanol: TFA:water (79.999:0.001:20, v/v/v) at 4ºC for 16 h. Subsequently, they were centrifuged at 4,000×g and 5ºC for 20 min in a Sorval RC 5B super-speed centrifuge (Fisher Scientifi c, Madrid, Spain). The extract was concentrated to dryness at 30ºC under vacuum using a rotavapor (Bücchi Labortechnick, Flawil, Switzerland). For phenolic analysis, the dry extracts were dissolved in 10 mL of water. For purification, an aliquot (4 mL) was passed through a C18 Sep-Pak cartridge (Waters, Milford, MA, USA), previously activated with methanol followed by water [Dueñas et al., 2008] .
The HPLC analysis of the samples was performed using Hewlett-Packard 1100 system (Agilent Technologies, Palo Alto, CA, USA) coupled to an HP ChemStation (rev.A.0504) data-processing software. The separation conditions were exactly the same as described by Barros et al. [2012] . Detection was carried out by a diode array detector (DAD) at 280 and 370 nm as preferred wavelengths and a mass spectrophotometer (MS) connected to the HPLC system via the DAD cell outlet. An API 3200 Qtrap system (Applied Biosystems, Darmstadt, Germany) equipped with an ESI source, triple quadrupole-ion trap mass analyzer and controlled by the Analyst 5.1 software was used according to the method described by Barros et al. [2013] .
Phenolic compounds were characterized according to their UV spectra, mass spectra, retention times, and comparison with authentic standards when available. For quantitative analysis, calibration curves were prepared by injection of known concentrations of standard compounds: vanillic acid, trans--p-coumaric acid, quercetin 3-O-rutinoside, quercetin 3-O-glucoside and kaempferol 3-O-rutinoside. Contents of hexosides and quinic derivatives of protocatechuic, vanillic, caffeic, ferulic and p-coumaric acids were calculated by external calibration curves of their corresponding free acids while contents of derivatives of quercetin and kaempferol were calculated by external calibration of kaempferol 3-O-glucoside and quercetin 3-O--glucoside. Data were expressed as μg/g fl our dw.
Statistical analysis
Means were compared by the analysis of variance (ANO-VA) adopting the standard criterion of signifi cance at P0.05. Statistical analysis was done using the general linear model (GLM) procedures of SAS/STAT R 9.2 (SAS Inst. Inc., Cary, NC, USA). Whenever differences were detected using the Tukey's test, treatment means were separated by pairwise comparisons of all possible pairwise differences among treatments. Homogeneity and normal distribution of the data were confi rmed by analysis of the residuals using the UNIVARI-ATE function of SAS. P0.05 was used to declare differences among treatment means.
RESULTS AND DISCUSSION
Effect of puffi ng on macronutrients of kiwicha and quinoa Table 1 shows proximate composition of raw and popped kiwicha and quinoa grains. The moisture, protein, lipid, ash and total carbohydrate contents of kiwicha grains were 9.4 g/100 g and 10.3, 7.0, 2.6 and 80.1 g/100 g dw, respectively, which was in accordance with literature data [Nascimento et al., 2014; Tang et al., 2016] . These values in quinoa grains were 9.5, 13.4, 5.7, 2.4 and 78.5 g/100 g dw, respectively.
As expected, after the expansion process, moisture content of kiwicha was signifi cantly reduced (P0.05) due to water evaporation. In addition, small changes in proximate composition of kiwicha were observed. Popped kiwicha showed 
Effect of puffi ng on fatty acids composition of kiwicha and quinoa
The effect of puffi ng on fatty acids profi le of kiwicha and quinoa is reported in Table 2 . Kiwicha and quinoa grain oil was mainly composed of polyunsaturated fatty acids (PUFA, 49 and 60 g/100 g oil, respectively) followed by monounsaturated fatty acids (MUFA, 29 and 27 g/100 g oil, respectively) and a minor content of saturated fatty acids (SFA, 22 and 13 g/100 g oil, respectively). The contents of individual fatty acids were within the range reported in the literature for amaranth [Pasko et al., 2015; Peiretti et al., 2013] and quinoa [Tang et al., 2016] . Fatty acid profi le of kiwicha and quinoa showed minimal differences after puffi ng. The fatty acid pattern in popped kiwicha was similar to raw grains. In the case of quinoa, only minor changes were observed after puffi ng such as the detection of small amounts of palmitic (0.27 g/100 g oil) and erucic acid (1.3 g/100 g oil) and the degradation of cetoleic acid. The main PUFA in both popped grains was linoleic acid (C18:2 ω-6), although it was found at a higher content in popped quinoa grains. Popped quinoa showed a content of α-linolenic acid (C18:2 ω-3) 7-fold higher than popped kiwicha. Oleic acid (C18:1) was the second most abundant fatty acid in popped kiwicha and quinoa oils although it is worth noting that the former was richer in this MUFA. SFA content in popped kiwicha oil was almost 2-fold higher than the one found in popped quinoa. Palmitic acid (C16:0) was the third most abundant fatty acid found in both popped grains.
There is increasing evidence pointing out that unbalanced ω-6/ω-3 ratio in favor of ω-6 PUFAs is highly prothrombotic and proinfl ammatory, which contributes to the prevalence of atherosclerosis, obesity, and diabetes [Simopoulos, 2008; Kromhout & de Goede, 2014] . In fact, regular consumption of diets rich in ω-3 PUFAs has been associated with low incidence of these diseases [Kromann, & Green, 1980; Adler et al., 1994; Schraer et al., 1999] . Puffi ng did not signifi cantly (P>0.05) modify the ω-6/ω-3 ratio of kiwicha and quinoa, although it is worth noting that considering the negative health impact of lipids with a high ω-6/ω-3 ratio, popped and raw quinoa oil has a better nutritional quality than popped and raw kiwicha oil.
Effect of puffi ng on amino acids profi le and protein quality indexes of kiwicha and quinoa
Amino acid profi le of kiwicha and quinoa (Table 3 ) was similar to values reported in the literature . Signifi cant variations were found in some individual amino acids after puffi ng of kiwicha and quinoa grains. Popped kiwicha and quinoa grains showed a decrease in some non-essential and essential amino acids. Amino acid losses ranged from 17 to 31% and particularly affected to Arg, Ala, Pro, Val, Met, Cys, Ile, Phe, Tyr, Lys and Trp (Table 3 , P0.05). Leu and sulfur amino acids (Met and Cys) were the fi rst limiting amino acids of kiwicha and quinoa grains, respectively, in consistency with a recent study ; however, Val and Ile were the limiting amino acids in popped kiwicha and quinoa, respectively. Regarding protein quality indexes, it was observed that dry heating led to a slight decrease in EAAI, BV and NI (P0.05). In spite of these effects, thermal treatment did not affect the PER which refl ects the capacity of a protein to support the body weight gain. Moreover, comparing the amino acid profi le of popped kiwicha and quinoa to FAO/WHO suggested amino acid pattern recommended for adults (Table 3) , it is observed that protein quality remained adequate after puffi ng.
Our results are similar to fi ndings from previous studies showing a reduced amino acid content and protein quality of popped grains compared to untreated grains from different amaranth species [Pisariková et al., 2005; Gamel et al., 2004] . Reduction in amino acid content after puffi ng could be explained by thermally-induced chemical modifi cations of protein residues such as glycation, glycoxidation and oxidation. Thermally-induced Maillard reaction initially involves the condensation of the carbonyl moiety from a reducing sugar with protein amino groups at the N-terminus or Lys side chain [Arena et al., 2017] . Other sugar-independent modifi cations might occur in heated proteins including oxidative deamidation at the N-terminal amino acid, β-elimination of Cys, and formation of lysinoalanine and histidinoalanine cross-linked derivatives [Arena et al., 2017] .
Effect of puffi ng of kiwicha and quinoa on phenolic profi le Table 4 shows the phenolic composition of raw and popped kiwicha and quinoa grains. Hydroxybenzoic acids were the major group of phenolic compounds in raw kiwicha, representing 51% of the total phenolic content, followed by hydroxycinnamic acids accounting for approximately 34%. Among fl avonoid compounds, quercetin 3-O-rutinoside was the only fl avonol detected in raw kiwicha, accounting for 15% of total phenolic content. The presence of some free hydroxybenzoic and hydroxycinnamic acids was previously reported in different kiwicha varieties The HPLC-DAD-ESI/MS analysis allowed the identifi cation of 18 compounds in quinoa which belonged to hydroxybenzoic and hydroxycinnamic acids (free and de-rivatives) as well as fl avonols (quercetin and kaempferol glycosides) (Table 4) . Flavonols were the most abundant compounds (78%), followed by hydroxycinnamic acids (17%) and hydroxybenzoic acids (5%). These results agree with those reported by Gómez-Caravaca et al. Notable qualitative and quantitative differences in phenolic compounds were observed after puffi ng of kiwicha and quinoa (Table 4) . Puffi ng decreased the content of total hydroxycinnamic acids in kiwicha (22%) and quinoa (35%) (P0.05). Feruloylquinic acid, caffeoylquinic acid and caffeic acid derivatives were the main compounds negatively affected by puffi ng in kiwicha while trans-p-coumaric acid was the main compound notably reduced (57%) in quinoa. In contrast, a notable increase was observed for contents of other phenolic compounds after puffi ng. This was the case of trans-feruloyl hexoside acid and trans-p-coumaric acid that were found at a higher content in popped kiwicha grains (26% and 69% increase, respectively). The amount of hydroxybenzoic acids was signifi cantly reduced (13%) after dry heat treatment in kiwicha, in which protocatechuic hexoside and vanillic acid were not detected. In the case of quinoa, puffi ng caused a slightly lower reduction (2.6%) of the content of this class of phenolic compounds (P0.05). On the contrary, vanillic acid derivative was found at a higher content (15% increase) in popped quinoa than in raw grains (P0.05). In summary, dry heat puffi ng brought about a general decrease in contents of hydroxybenzoic and hydroxycinnamic acids in both pseudocereal species, which might be explained by thermally-induced degradation of phenolic compounds [Ogrodowska et al., 2012] .
The most outstanding variations found as consequence of dry heat puffi ng were those that occurred in the fl avonoid group. The content of fl avonol quercetin 3-O-rutinoside decreased signifi cantly (P0.05) in popped kiwicha (61%) compared to the control (Table 4) . On the contrary, popped quinoa grains showed a higher total fl avonols content (21% increase) than raw grains (P0.05, Table 4 ). Interestingly, the amount of quercetin 3-O-glucoside and quercetin glucuronide increased by 68% and 51% in popped quinoa. This increase could be attributed to the enhanced extractability of bound fl avonoid compounds as a consequence of heat-induced disruption of the plant cell wall [Muyonga et al., 2014] . Puffi ng 
CONCLUSIONS
This work demonstrated that popped grains retained in a great extent their nutritional profi le. Amino acids, hydroxycinnamic and hydroxybenzoic acids were the main compounds affected by dry heating. Despite EAA degradation, it was observed that protein amino acid composition was of adequate quality. Interestingly, dry heat puffi ng of quinoa grains enhanced the release of fl avonols from the food matrix, which is of special relevance in fl avonoids bioavailability. In summary, puffi ng kiwicha and quinoa grains is an alternative processing method to obtain expanded products or precooked fl ours of adequate nutritional value.
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